Example on simulating pulse width modulation(PWM)
Prerequisite
1. The test below is verified on MangOH Red WP77 module FW R10(RC3). 
2. Toolchain to compile the example driver is from R9.
3. The test below will use GPIO23 to simulate pulse width modulation (PWM). In case you need to use other GPIO, you need to first track your GPIO to MDM_GPIO number. For example, typing “echo 23 > /sys/class/gpio/export” in console and then see the MDM_GPIO in dmesg kernel log which is GPIO 10.
[  172.509405] gpio_sync_ri: RI owner is Modem
[  172.509432] gpio_map_name_to_num: find GPIO 10
[  172.509442] export_store: Export GPIO: 10
After that you need to modify the helloworld.c (in next section) and change the gpioLED pin to be 10.

4. Please make sure no legato application or linux application is using the test GPIO.



Compile kernel driver
1. Extract the following PWM driver in Ubuntu PC. 



2. Make sure you have downloaded the WP77 R9 software package by Developer Studio.
3. Open Makefile and change the CROSS_COMPILE and KERNEL_DIR path according to your build environment.
4. Type “make” to build the driver. 


Install and run the PWM driver
1. Download the helloworld.ko to module by USB ECM port.
2. On module console, type “insmod helloworld.ko” to install the kernel driver
3. Now measure the voltage of GPIO23 (pin 13 of CN307 in MangoH Red board), it should be changing the voltage level every 1.5 seconds.
4. To change the frequency of the PWM to 2000Hz, you can type the following command:
echo 500 > /sys/module/helloworld/parameters/blinkPeriod
5. [bookmark: _GoBack]To stop the PWM driver, type the following:
echo 0 > /sys/module/helloworld/parameters/blinkPeriod
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#include <linux/init.h>                
#include <linux/kernel.h>
#include <linux/module.h>
#include <linux/hrtimer.h>
#include <linux/ktime.h>
#include <linux/gpio.h>       // Required for the GPIO functions




MODULE_LICENSE("GPL");




static unsigned int gpioLED = 10;           ///< Default GPIO for the LED is 23, mdm_GPIO=10
module_param(gpioLED, uint, S_IRUGO);       ///< Param desc. S_IRUGO can be read/not changed
MODULE_PARM_DESC(gpioLED, " GPIO LED number (default=23)");     ///< parameter description
 


int blinkPeriod = 3000000L;     ///< The blink period in us
module_param(blinkPeriod, int , S_IRUGO|S_IWUSR );   ///< Param desc. S_IRUGO can be read/not changed
MODULE_PARM_DESC(blinkPeriod, " LED blink period in us (min=1, default=1000, max=10000)");
 



int ledOn=0;

#define US_TO_NS(x)     (x * 1000)

static struct hrtimer hr_timer;
 ktime_t ktime;
enum hrtimer_restart my_hrtimer_callback( struct hrtimer *timer_for_restart )
{


	ktime_t currtime ;
  	currtime  = ktime_get();
  	
  if (blinkPeriod==0)
	ktime = ktime_set( 0, US_TO_NS(1000000) );
  else
	ktime = ktime_set( 0, US_TO_NS(blinkPeriod/2) );


hrtimer_forward(timer_for_restart, currtime , ktime);

       if (ledOn==0)
	{
 		ledOn=1;
		gpio_set_value(gpioLED, ledOn);  

		   
	}
	else
	{

		   
		ledOn=0;
		gpio_set_value(gpioLED, ledOn);  
	}

	


  return HRTIMER_RESTART;
}

int init_module( void )
{
 


  printk("HR Timer module installing\n");

  ktime = ktime_set( 0, US_TO_NS(blinkPeriod/2) );

  hrtimer_init( &hr_timer, CLOCK_MONOTONIC, HRTIMER_MODE_REL );
  
  hr_timer.function = &my_hrtimer_callback;

  printk( "Starting timer to fire in %dus %ld\n", blinkPeriod, jiffies );



	if(gpio_is_valid(gpioLED) != true){
		printk("gpio %d is valid error \n", gpioLED);
		return -1;
	}


	gpio_request(gpioLED, "sysfs");          // gpioLED is 23 by default, request it
	 gpio_direction_output(gpioLED, ledOn);   // Set the gpio to be in output mode and turn on



  hrtimer_start( &hr_timer, ktime, HRTIMER_MODE_REL );

  return 0;
}

void cleanup_module( void )
{
  int ret;

  ret = hrtimer_cancel( &hr_timer );
  if (ret) printk("The timer was still in use...\n");

  printk("HR Timer module uninstalling\n");

  return;
}
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#include <linux/init.h>                
#include <linux/kernel.h>
#include <linux/module.h>
#include <linux/hrtimer.h>
#include <linux/ktime.h>
#include <linux/gpio.h>       // Required for the GPIO functions




MODULE_LICENSE("GPL");




static unsigned int gpioLED = 10;           ///< Default GPIO for the LED is 23, mdm_GPIO=10
module_param(gpioLED, uint, S_IRUGO);       ///< Param desc. S_IRUGO can be read/not changed
MODULE_PARM_DESC(gpioLED, " GPIO LED number (default=23)");     ///< parameter description
 


int blinkPeriod = 3000000L;     ///< The blink period in us
module_param(blinkPeriod, int , S_IRUGO|S_IWUSR );   ///< Param desc. S_IRUGO can be read/not changed
MODULE_PARM_DESC(blinkPeriod, " LED blink period in us (min=1, default=1000, max=10000)");
 

int previous_blinkPeriod = 3000000L; 


int ledOn=0;

#define US_TO_NS(x)     (x * 1000)

static struct hrtimer hr_timer;
 ktime_t ktime;
enum hrtimer_restart my_hrtimer_callback( struct hrtimer *timer_for_restart )
{


	ktime_t currtime ;
  	currtime  = ktime_get();
  	
  if (blinkPeriod==0)
	ktime = ktime_set( 0, US_TO_NS(1000000) );
  else
	ktime = ktime_set( 0, US_TO_NS(blinkPeriod/2) );


hrtimer_forward(timer_for_restart, currtime , ktime);

       if (ledOn==0)
	{
 		ledOn=1;
		gpio_set_value(gpioLED, ledOn);  

		   
	}
	else
	{

		   
		ledOn=0;
		gpio_set_value(gpioLED, ledOn);  
	}

	


  return HRTIMER_RESTART;
}

int init_module( void )
{
 


  printk("HR Timer module installing\n");

  ktime = ktime_set( 0, US_TO_NS(blinkPeriod/2) );

  hrtimer_init( &hr_timer, CLOCK_MONOTONIC, HRTIMER_MODE_REL );
  
  hr_timer.function = &my_hrtimer_callback;

  printk( "Starting timer to fire in %dus %ld\n", blinkPeriod, jiffies );



	if(gpio_is_valid(gpioLED) != true){
		printk("gpio %d is valid error \n", gpioLED);
		return -1;
	}


	gpio_request(gpioLED, "sysfs");          // gpioLED is 23 by default, request it
	 gpio_direction_output(gpioLED, ledOn);   // Set the gpio to be in output mode and turn on



  hrtimer_start( &hr_timer, ktime, HRTIMER_MODE_REL );

  return 0;
}

void cleanup_module( void )
{
  int ret;

  ret = hrtimer_cancel( &hr_timer );
  if (ret) printk("The timer was still in use...\n");

  printk("HR Timer module uninstalling\n");

  return;
}
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pwm_driver_using_hardware_timer/helloworld.mod.c
#include <linux/module.h>
#include <linux/vermagic.h>
#include <linux/compiler.h>

MODULE_INFO(vermagic, VERMAGIC_STRING);

__visible struct module __this_module
__attribute__((section(".gnu.linkonce.this_module"))) = {
	.name = KBUILD_MODNAME,
	.init = init_module,
#ifdef CONFIG_MODULE_UNLOAD
	.exit = cleanup_module,
#endif
	.arch = MODULE_ARCH_INIT,
};

static const char __module_depends[]
__used
__attribute__((section(".modinfo"))) =
"depends=";
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pwm_driver_using_hardware_timer/Makefile
#
# Makefile for kernel test
#
export ARCH=arm

export CROSS_COMPILE=/home/owner/legato/packages/legato.toolchain.2.2.3.SWI9X06Y_02160200-wp77xx-native-x86_64-201806050948/resources/native/sysroots/x86_64-pokysdk-linux/usr/bin/arm-poky-linux-gnueabi/arm-poky-linux-gnueabi-
PWD         := $(shell pwd) 
KVERSION    := $(shell uname -r)
KERNEL_DIR   = /home/owner/legato/packages/legato.toolchain.2.2.3.SWI9X06Y_02160200-wp77xx-native-x86_64-201806050948/resources/native/sysroots/armv7a-neon-poky-linux-gnueabi/usr/src/kernel/
MODULE_NAME  = helloworld


obj-m       := $(MODULE_NAME).o   
all:
	make -C $(KERNEL_DIR) M=$(PWD) modules
clean:
	make -C $(KERNEL_DIR) M=$(PWD) clean
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#
# Makefile for kernel test
#
export ARCH=arm

export CROSS_COMPILE=/home/owner/legato/packages/legato.toolchain.2.2.3.SWI9X06Y_02160200-wp77xx-native-x86_64-201806050948/resources/native/sysroots/x86_64-pokysdk-linux/usr/bin/arm-poky-linux-gnueabi/arm-poky-linux-gnueabi-
PWD         := $(shell pwd) 
KVERSION    := $(shell uname -r)
KERNEL_DIR   = /home/owner/legato/packages/legato.toolchain.2.2.3.SWI9X06Y_02160200-wp77xx-native-x86_64-201806050948/resources/native/sysroots/armv7a-neon-poky-linux-gnueabi/usr/src/kernel/
MODULE_NAME  = helloworld


obj-m       := $(MODULE_NAME).o   
all:
	make -C $(KERNEL_DIR) M=$(PWD) modules
clean:
	make -C $(KERNEL_DIR) M=$(PWD) clean
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pwm_driver_using_hardware_timer/modules.order
kernel//home/owner/Yocto/WP77/kernel_driver_test/pwm_driver/helloworld.ko




